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Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia with a growing prevalence due to an aging population. One of the major issues for AF is stroke and systemic embolism in patients at high risk that are associated with significant morbidity and mortality as well as social and financial burdens [1] . Stroke and other thromboembolic events are closely related to left atrial (LA) or left atrial appendage (LAA) thrombus. Transoesophageal echocardiography (TEE) is considered the gol standard for detecting LA/LAA thrombus, with 97% sensitivity and 100% specificity [2, 3] . Expert consensus recommends routine anticoagulation and exclusion of LA/LAA thrombus using TEE prior to AF ablation or cardioversion [4] . However, TEE is an invasive and expensive procedure that is associated with discomfort to the patients and potential serious complications like esophageal injuries, and may lead to decreased level of willingness to follow the recommendations [5, 6] . Clinically, LA/LAA thrombus has been identified only in a small portion of the AF patients with TEE. However, it is critical to rule out LA/LAA thrombus prior to AF ablation or cardioversion to minimize the risk of stroke and other thromoembolic events. Therefore, there is a need to establish a system to predict the risk of LA/LAA thrombus in AF patients.
Currently, the risk for stroke for non-valvular AF patients has been determined with a scoring system (CHADS2 or CHA 2 DS 2 -VASc) based on the number of risk factors like age, sex, hypertension, diabetes, cardiac function, and previous stroke. These two scoring systems have been widely used clinically to guide the selection of AF patients for systematic anticoagulation therapy for stroke prevention [7, 8] . The clinical data have shown that CHA2DS2VASC is as good as, and possibly better than CHADS2 in identifying patients at risk for stroke and other thromboembolism [9, 10] . The clinical value of these scoring systems especially based on the recently recommended CHA2DS2VASC score in the AHA/ ACC/HRS guidelines to evaluate the risk of thromboembolism in AF patients has been validated in multiple clinical studies [11] . However, there are little data on CHA2DS2VASC and CHADS2 scores to predict LA/LAA thrombus prior to AF ablation or cardioversion. In the present study, we demonstrated that CHADS2 or CHA2DS2-VASC scores could be used to predict the risk for LA/LAA thrombus in AF patients with or without adequate systematic anticoagulation therapy, and to identify the high risk patients who could really benefit from TEE prior to AF ablation or cardioversion.
Methods

Patient population
The study protocol was reviewed and approved by the ethic committee of Chongqing Medical University. An informed consent was obtained from every patient in the study. All the patients (both male and female with age 18 and above) with drug-refractory symptomatic non-valvular AF (including paroxysmal, persistent, and chronic AF) who were scheduled for AF ablation at the First Affiliated Hospitals of Chongqing Medical University between January 2012 to June 2014 were included in the study. The AF patients who underwent repeat AF ablation were excluded. Diagnosis of AF in all patients was confirmed with a 12-lead surface ECG or Holter monitoring. Paroxysmal AF was defined as self-terminating episodes of AF lasting for less than 7 days. Persistent AF was defined as AF sustained for more than 7 days, and requiring electrical or pharmacological cardioversion [11] . Clinical risk factors including age, sex, types of AF, hypertension, diabetes mellitus, stroke or TIA, vascular disease, cardiac function, and other clinical data were collected from all the patients.
Anticoagulation
Based on the level of anticoagulation therapy, patients were divided into two groups for further analysis: with and without adequate anticoagulation. The patients were classified into the group of adequate anticoagulation therapy if they were in coumadin with INR 2.0 or above for at least 4 weeks or aspirin following the expert consensus strictly [4] . Otherwise, the patients were considered to be of without adequate anticoagulation, although all the patients were advised to be treated with anticoagulation therapy recommended by expert consensus. In brief, patients with two or more risk factors were strongly encouraged to take coumadin for at least 4 weeks prior to the ablation procedure. Patients with one risk factor were recommended to receive coumadin or aspirin. Patients without risk factors would stay on aspirin. Patients on coumadin were asked to have an INR check every week for 4 weeks to maintain their INR of 2.0e3.0 prior to ablation. Patients with LA/LAA thrombus identified with TEE were advised to receive anticoagulation treatment for at least 4 weeks before undergoing another TEE. After LA/LAA thrombus was excluded using TEE, the patients underwent AF ablation. All patients were placed on an adequate systemic anticoagulation therapy as recommended by expert consensus during and after ablation [4] .
LA/LAA thrombus risk assessment
The CHADS2 [cardiac failure, hypertension, age, diabetes, and stroke (doubled)] scoring system was adopted from the AF Investigators and Stroke Prevention in Atrial Fibrillation (SPAF): 2 points for a history of stroke or TIA, and 1 point each for age >75 years, a history of hypertension, diabetes, or cardiac failure. Similar to atrial fibrillation, the patients with a CHADS2 score of 0, 1, and 2 or above were considered at low, intermediate, and high risk for LA/ LAA thrombus, respectively [12] .
CHA2DS2VASC score was also calculated prior to TEE for each patient: 2 points for a history of stroke or TIA, or age 75, and 1 point each for age 65e74 years, a history of hypertension, diabetes, heart failure, vascular disease [(myocardial infarction, complex aortic plaque, and peripheral vascular disease (PAD) including prior revascularization, amputation due to PAD, or angiographic evidence of PAD)] and female sex. Based on the score, the patients were divided into low (CHA2DS2VASC score of 0), intermediate (score of 1), and high risk group (score 2) [12] . Other risk factors including enlarged LA (LA40 mm), type of AF (persistent or chronic), and AF at the time of TEE were also taken into consideration in the present study [1] .
Transesophageal echocardiography
After obtaining a written informed consent, TEE was performed within 24 h prior to ablation. At first, the heart chamber size and left ventricular ejection fraction were assessed with transthoracic echocardiography (TTE). Then, the presence of potential LA/LAA thrombus was carefully evaluated with TEE using a 6-MHz multiplane probe of the GEViVid7.0 color doppler ultrasonic diagnostic apparatus. All patients were examined with the use of 10% lidocaine gel for posterior pharyngeal anesthesia after fasting for at least six hours. No sedation or atropine was administered. The TEE probe was inserted with the subject lying on the left lateral position. Cine loops of the LAA were acquired during a continuous sweep from 0 to 180 . A thrombus was defined as an echo-dense mass with a uniform texture different from that of the LA/LAA endocardial wall [13, 14] . All TEEs were performed and interpreted by experienced cardiologists without knowledge on the patients' risk scores.
Follow-up assessment for stroke during the ablation and 7 days after the procedure
In addition to regular monitoring, additional efforts were made to evaluate all the patients to determine if the patients developed any new abnormal neurological symptoms and signs over their baseline during the procedure and 7 days after the procedure. Brain CT or MRI examinations were performed to establish the diagnosis if clinically indicated.
Statistical analysis
The data with continuous variables were expressed as mean ± standard deviation and categorical variables as frequencies and percentages. Statistical analyses were performed using the SPSS software (version 17.0 Chicago: SPSS Inc.). Unpaired student ttest (two-sided) was used for two group comparison for continuous variables. The categorical variables were analyzed using chi-square or Fisher's exact test. Multivariate logistic regression analysis was performed on variables found to be significant by univariate analysis. ROC curve analysis was performed to determine the sensitivity and specificity of the two risk stratification systems (CHADS2 and CHA2DS2VASC scores) predicting the LA/LAA thrombus. All statistical tests were two-sided, and a p value of <0.05 was considered statistically significant.
Results
Patients' characteristics
A total of 397 patients were enrolled in the present study during the 2.5 years period. The baseline characteristics of patients were shown in Table 1 . Over 80% of the patients had paroxysmal AF, and the most common associated medical condition was hypertension (38.5%). The majority of the patients were at low or intermediate risk as defined by either CHADS2 score or CHADS2VAC scores.
To determine if adequate anticoagulation therapy could affect the predictive value of CHADS2 and CHA2DS2VASC scores for LA/ LAA thrombus, the patients were divided into two groups: 1) patients without adequate anticoagulation (202 patients), and 2) patients with adequate anticoagulation with coumadin or aspirin (195 patients). The patients' characteristics were summarized in Table 2 . Between the two groups, age, gender, AF at the time of TEE, type of AF, hypertension, diabetes mellitus, coronary artery disease, previous stroke or TIA, were not significantly different. In both groups, there were no significant differences between the low, intermediate and high risk patients classified by CHADS2 and CHADS2VAC scores.
The incidence of LA/LAA thrombus and thrombo-embolism
As shown in Table 1 , a significant number of patients (9.6%) with AF were found to have LA/LAA thrombus on TEE. As expected, the incidence of LA/LAA thrombus was significantly higher in the patients without adequate anticoagulation (14.4%) than that in the patients with adequate anticoagulation therapy (4.6%) (p ¼ 0.002) ( Table 2) . No thromboembolic events were present in both groups during the procedure and 7 days after AF ablation.
CHADS2 and CHADS2VAC scores were associated with LA/LAA thrombus
We then evaluate the relationship between CHADS2 and CHA2DS2VASC scores and LA/LAA thrombus in AF patients. In both groups, a significant portion of patients who were classified as low and intermediate risks using CHADS2 score fell into the group of high risk individuals when CHADS2VAC score system was used (Fig. 1) . As expected, the higher CHADS2 and CHA2DS2VASC scores, the higher prevalence for LA/LAA thrombus in AF patients in the two groups as shown in Fig. 2 .
Although 9.6% of all AF patients had LA/LAA thrombus, no LA/ LAA thrombus was identified in patients with CHA2DS2VASC score of 0 regardless the status on their anticoagulation (with or without adequate anticoagulation treatment). LA/LAA thrombus was detected in a small number of patients (2.9%) with CHADS2 score of 0 who were not adequately treated with anticoagulation therapy, while no LA/LAA thrombus was observed in those with CHADS2 score of 0 with adequate anticoagulation therapy (Fig. 2) .
Univariate analysis showed that heart failure (LVEF＜50%), diabetes mellitus, previous stroke or TIA, hypertension, inadequate coumadin or aspirin therapy, CHADS2 score of 2 and CHA2DS2-VASC score of 2 were significantly associated with LA/LAA thrombus (Table 3) . Multivariable logistic regression analysis demonstrated that CHA2DS2VASC score of 2 (p ¼ 0.02), CHADS2 score of 2 (p ¼ 0.046) and previous stroke or TIA (p ¼ 0.038) were the risks independently associated with LA/LAA thrombus in the patients regardless of their anticoagulation status (Table 4) .
Using ROC curve analysis for the patients with or without adequate anticoagulation, we found that a CHADS2 score and CHA2DS2VASC score could be used to predict the presence of LA thrombus compared with reference. The areas under the curve (AUC) of CHADS2 score and CHA2DS2VASC score were 0.681 (SE ¼ 0.028, 95%CI: [0.623, 0.737]) and 0.691 (SE ¼ 0.031, 95%CI: [0.630, 0.752]) respectively. CHA2DS2VASC score was only slightly better than CHADS2 score, but there was no significant difference (Fig. 3) .
Discussion
Study main findings
In the present study, we found that LA/LAA thrombus were present in 9.6% of all the AF patients prior to ablation. Adequate anticoagulation significantly reduced the prevalence of LA/LAA thrombus in AF patients (from 14.4% to 4.6%). No thrombus was identified in patients with CHA2DS2VASC score of 0 regardless of their status on anticoagulation therapy. However, LA/LAA thrombus was present in some patients (2.9%) with CHADS2 score of 0 who were not adequately treated with anticoagulation. Compared to the CHADS2 score, CHA2DS2VASC score could not be more valuable to predict LA/LAA thrombus in the patients regardless of their anticoagulation status.
Adequate anticoagulation therapy reduces the incidence of LA/ LAA thrombus
The data from the present study confirmed that adequate anti- coagulation therapy significantly reduced the incidence of LA/LAA thrombus as expected. A wide range of LA/LAA thrombus prevalence (from 0.5% up to 13.8%) in patients with AF has been reported [15, 16] . Previous studies showed that the incidence of LA/LAA thrombus identified by TEE was estimated to be about 2% despite adequate anticoagulation [17, 18] . The incidence for LA/LAA thrombus in AF patients in our study was significantly higher than that reported. The reasons for the big difference in LA/LAA thrombus prevalence were unclear . It might be due to the differences in the risk factors and different ethnic background. Indeed, it was reported that the incidence of stroke in Chinese population was significantly higher than those in western countries [19] . It is well known that AF is strongly associated with stroke. Further studies are needed to determine the role of ethnic background in the development of LA/LAA thrombus in AF patients.
4.3.
The value of CHADS2 score and CHA2DS2VASC score on predicting LA/LAA thrombus There are several methods to assess the risk for stroke and thrombo-embolism in non-valular AF patients [20] . Currently, the widely used and validated methods for risk stratification for stroke were CHADS2 score and CHA2DS2-VASC score. Clinical data have shown that CHA2DS2VASC score is more accurate for screening the low risk patients for future stroke events than CHADS2 score [21] . Strokes in AF patients are associated with hypercoagulability, LA enlargement, atrial endothelial dysfunction and fibrosis and other risk factors. It is believed that about 75% of the sources for stroke in AF patients are originated from the LA/LAA thrombus [22] . Therefore, it could be beneficial and important to predict the LA/LAA thrombus using the CHADS2 and CHA2DS2VASC scores. In the present study, we observed that higher CHADS2 and CHA2DS2-VASC scores were associated with increased prevalence of LA/LAA thrombus in the patients with and without adequate anticoagulation, indicating that CHADS2 score and CHA2DS2VASC score are both associated with LA/LAA thrombus in patients regardless of their anticoagulation status. The multivariate logistic regression analysis showed that previous stroke or TIA, CHA2DS2VASC score of 2 and CHADS2 score of 2 were the independent factors predicting the presence of LA/LAA thrombus. In a previous study, hypertension, age >75, and cardiomyopathy were found to be independently associated with LA/LAA thrombus by TEE in 635 patients treated with coumadin for at least 4 weeks prior to AF ablation [23] . Other clinical factors including diabetes, valve disease, and prior stroke or TIA, did not predict LA/LAA thrombus. It was shown that diabetes mellitus, CHADS2 score 3 and CHA2DS2VASC score 4 were independent predictor for LA/LAA thrombus [18] . Under similar clinical circumstance, Jeffrey and colleagues demonstrated a strong association between CHADS2 score and LA/LAA thrombus. Among the risk factors for CHADS2 score, CHF was identified as the only independent risk factor correlated with LA/LAA thrombus [24] . The discrepancy in the study results was likely due to the differences of the enrolled patient populations in each study. Our present study showed that diabetes or heart failure were not independent predictors for LA/ LAA thrombus, which maybe the majority of patients were low and intermediate risk individuals.
Although the CHADS2 score was developed to identify AF patients at high risk for stroke, the goal of the CHA2DS2VASC score was to identify the truly low-risk patients who might not require oral anticoagulation therapy [25] . Indeed, no LA/LAA thrombus was identified in patients with a CHA2DS2VASC score of 0 regardless of their systemic anticoagulation therapy, whereas there was LA/LAA thrombus in some patients with a CHADS2 score of 0 without adequate therapy. Of note, many patients with low and intermediate risk based on CHADS2 scoring system could be re-classified into high risk categories using the CHA2DS2VASC score system. Our data suggested that although CHA2DS2VASC scores were not more valuable to predict LA/LAA thrombus than CHADS2 scores, CHA2DS2VASC score was better to identify the truly low-risk patients with LA/LAA thrombus than CHADS2 score.
Clinical implication
LA thrombus is a major source for stroke in AF patients, and a contraindication for AF ablation or cardioversion. To avoid stroke related to LA/LAA thrombus, the expert consensus recommended an adequate anticoagulation therapy and TEE prior to AF ablation or cardioversion [1] . With the increasing prevalence of AF, healthcare expenditures related to LA/LAA thrombus identification, anticoagulation therapy and associated potential bleeding complications could be certainly increased. Clinical studies showed the absolute risk for major bleeding in AF patients on coumadin was about 2% per year, with approximately one quarter of the bleeding complications involving intracranial hemorrhages [26] . On the other hand, oral anticoagulation therapy presents a major challenge to both physicians and patients with many patients either overtreated or under-treated as reported in clinical studies [27] . Compared with western countries, underuse of coumadin is more common in China due to decreased tolerance to coumadin and increased tendency of bleeding. Therefore, it is very useful to create a reliable method to identify the patients with high risk of LA/LAA thrombus for optimal anticoagulation therapy for the right patient populations.
There is wide variation among the Task Force Members on the use of TEE prior to AF ablation or cardioversion. Approximately 50% of Task Force Members could perform a TEE in all patients undergoing AF ablation regardless of their presenting rhythm and CHADS2 or CHA2DS2VASc score, while the others could not agree with the recommendation [4] . The data from the present study suggested that it might be not mandatory for the patients with low risk identified by CHA2DS2VASC scores to perform a routine TEE and/or start anticoagulation therapy prior to AF procedure or cardioversion, and it could be necessary for high risk patients classified by CHA2DS2VASC or CHADS2 scores. Our follow-up data showed no patient with a CHA2DS2VASC score of 0 was found LA/LAA thrombus by TEE, indicating that it could be safe for low risk patients without anticoagulation therapy to undergo AF ablation or cardioversion without TEE. The hypothesis need to be tested by well designed clinical study. 
Study limitations
In the present study, LA/LAA thrombus was identified by experienced cardiologists. However, the study was not a randomized trial. The majority of the patients were young low risk patients with paroxysmal AF. Therefore, patient selection bias might be present.
Conclusion
The present study showed that both higher CHA2DS2VASC and CHADS2 scores were associated with LA/LAA thrombus on TEE in non-valvular AF patients. Although CHA2DS2VASC score did not appear to be more valuable to predict the presence of LA/LAA thrombus than CHADS2 score, CHA2DS2VASC score seemed better to identify the truly low-risk patients with LA/LAA thrombus than CHADS2 score. There will be a possibility of performing AF ablation or cardioversion in AF patients with a CHA2DS2VASC of 0 without TEE or anticoagulation therapy. The safety need to be verified by more well designed clinical study.
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